The spatial distribution of copper ions and atoms in high power impulse magnetron sputtering (HIPIMS) discharges was determined by (i) measuring the ion current to electrostatic probes and (ii) measuring the film thickness by profilometry. A set of 
Introduction lse Magnetron Sputtering (HIPIMS) is an emerging Physical Vapour
Deposition ch 0.0 discharges [3, 7 on the sputtered material, and specifically on the high power density dissipated at and near the target su SS (γ S ph e film properties on large surface areas.
Another im when compared to conventional sputtering rates [5, 11, 12] . ith emphasis on the angular distributions of the deposition rate and average copper e. To do this, we determine the ion flux and the neutral flux to a set of strategically bined ion and neutral flux via thickness measurements corrected for resputtering. The ults are discussed in relation to the magnetic configuration, secondary emission of ctrons and discharge voltage (and corresponding power).
rimental
High Power Impu (PVD) technology [1] [2] [3] [4] [5] [6] . While conventional magnetron sputtering discharges are aracterized by a very low ionisation coefficient of the sputtered species, typically about 1 or lower, the ionization of sputtered atoms can occur to much greater extent in HIPIMS
, 8]. The specific features depend on the characteristics of the discharge and rface, the working pressure, the self-sputtering (γ ) and secondary electrons emission E ) yields of the target material [9, 10] .
Further deployment of HIPIMS will depend on an improved understanding of the ysics of the discharge and the control of reproducibl portant issue is the somewhat controversial issue of low HIPIMS deposition rates
We are still in the early stages of the HIPIMS era, when the physics and technology developed. Indeed, there is still a need to better measure, model, and understand the basic ocesses. In the present paper we report on the spatial development of a
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The experiments were carried out using a 2-inch (5 cm) 
4
placed horizontally in a 200 litres sputtering chamber. The target was ¼ inch 25 mm) thick copper disk. The diameter of the circular racetrack was 25 mm. We entionally used such a small magnetron because it allowed us to achieve very high power nsity. Copper was selected for this study due to the high stability of HIPIMS copper (copper can operate in a pure self-sputtering mode [13] ).
components of the magnetic field. These components were measured with meter (F.W. Bell). The induction at the centre of the target surface was 64 mT.
The power was supplied by a slightly modified SPIK2000A pulse power supply elec GmbH) operating in the unipolar negative mode. A great feature of this pulser is the e pulse length at a constant voltage. The short pulse limit is given by cause this allows the discharge to fully evolve into the sustained self-sputtering (SSS) phase 10, 12, 14]. We used a pulse length of 400 μs and pause time of 19600 μs, which rresponds to a pulse repetition frequency of 50 Hz. Pure argon gas was supplied near the get, establishing an operational pressure of 1.8 Pa adjusted to by the specific combination At fully opened valve, the pumping speed was 1500 l/s fo r, and the chamber base essure was about 10 -4 Pa. The total pressure was monitored by an MKS Baratron ® gauge.
The discharge current was monitored using a current transformer (Pearson™ model 
General relationships and data evaluation
The total charge that flowed through one probe of area (
The corresp nding time-averaged density of charge flux of ions to a prob o e can be obtained by introducing the pulse repetition frequency 50 Hz
The measured probe current is taken to ving ions, be equal to the current of arri 
Average charge state distribution
The temporal evolution of I i is represented on Fig. 3 To make sure ely determine the plasma parameters (via floating potential and ion saturation ) and sheath thickness [17] . We obtain a maximum plasma density of about 2 x 10 m time and location, we can safely assume that the probes are indeed independent from each er. Furthermore, the small sheath ensures that the probe effects are local and that plasma is greatly affected by the presence of the probes. The section is interesting because HIPIMS discharges are known to provide generally sition rates compared to conventional magnetron discharges when normalized to average discharge power. Here we look how the discrepancy is spatially distributed.
Angular distributions
When the average discharge power increases from 20 W to 210 W, by increasing the oltage V d from 520 V to 550 V, the absolute deposition rate increases sharply current (DC) discharges with the same average power (Fig. 7a and b) regardless of distance to target. When the HIPIMS discharge includes the SSS phase, the average position rates are close to 50% and 60 % of the conventional DC rates at 22.5 cm and 14.5 from the target, respectively.
The discrepancy is less pronounced at lower power or voltage, i.e. for V d = 520 V.
Q and the deposition rate. However, it is also necessary to keep in mind a 
